Background-Although diabetes is a well-known risk factor of atherosclerotic cardiovascular diseases, the cardiovascular disease risk of glycemia below the current diabetic threshold remains uncertain. Methods and Results-A total of 652 901 Korean men aged 30 to 64 years from the Korean National Health Insurance System were categorized into 8 groups by fasting blood glucose (FBG) level at baseline and were followed up for cardiovascular diseases occurrence during 1992-2001. Over the follow-up period of 8.8 years, 10 954 stroke and 3766 myocardial infarction events occurred. In age-adjusted analyses, there was evidence of linear associations between FBG and myocardial infarction, ischemic stroke, and intracerebral hemorrhagic stroke. However, with additional adjustment for socioeconomic position, behaviors, and other cardiovascular disease risk factors, the associations with myocardial infarction and intracerebral hemorrhagic stroke were markedly attenuated with increased risk only at the highest FBG levels (Ն7.5 mmol/L). With full adjustment, the association with ischemic stroke persisted; a linear increase in the risk of ischemic stroke was observed from FBG level of 5.6 mmol/L. When the analyses were repeated with those persons who had been diagnosed with diabetes removed, there was no evidence of associations of FBG with intracerebral hemorrhagic stroke, but the association with ischemic stroke persisted. Conclusions-In this Korean male population, the association with high FBG differed between ischemic stroke, intracerebral hemorrhagic stroke, and myocardial infarction. The linear increase in the risk of ischemic stroke, independently of other cardiovascular risk factors, was observed at a level below the current FBG criteria for impaired fasting glucose (Ն5.6 mmol/L). However, for other cardiovascular diseases, the current cutoff for diagnosing diabetes appropriately identified Korean men at risk. 
A recent global estimate predicted a marked increase in the number of people with diabetes from 171 million in 2000 to 366 million in 2030, which will create a commensurate rise in diabetes-related health outcomes. 1 Diabetes increases the risk of atherosclerotic cardiovascular disease (CVD), 2, 3 but some uncertainties still exist regarding the relation between hyperglycemia below the threshold for a diagnosis of diabetes and CVD risk. 4 Currently, diabetes is defined with a cutoff level of glycemia corresponding to the threshold (fasting blood glucose [FBG] Ն7 mmol/L) for microvascular diabetic complications. However, a continuous or U-shaped association has been observed between blood glucose (fasting or postload) and CVD risk in some, [5] [6] [7] [8] [9] [10] [11] although not all, 4 ,12 studies of healthy individuals without diabetes. This raises the question of whether there is a threshold level of FBG at which relative risk of CVD increases markedly and whether this is lower than the current diabetic criteria. 13 The evaluation of whether FBG below a diabetic threshold is an independent risk factor for CVD is important in public health terms because the rise in obesity and diabetes prevalence is associated with an upward shift in the population distribution of FBG.
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The association between FBG and intracerebral hemorrhagic stroke (IHS) is another issue to be clarified because IHS is one of the major causes of CVD in Asian populations in which diabetes prevalence is rising most rapidly, and it is uncertain whether its association with glycemia is different from other subtypes of CVD. The association of diabetes itself with IHS remains uncertain, 3, 5, 14 with inverse, 15 null, 3, 16 or positive 17 associations reported. Many studies of Western populations have examined the association of fasting or postload glucose across its distribution and stroke risk, but few have had sufficient data on IHS to examine associations with this specific subtype. Insight would be gained by using data from a large Asian study with sufficient cases of ischemic stroke (IS) and IHS as well as myocardial infarction (MI) 18, 19 to clarify the nature of the association between FBG and these specific subtypes of CVD outcomes.
We evaluated the association between FBG and stroke subtypes (IS and IHS) and MI in a prospective cohort study of Korean men, taking other major cardiovascular risk factors such as blood cholesterol level, blood pressure (BP), and obesity into consideration. Our study participants from the Korean National Health Insurance System (KNHS) provide a unique opportunity to evaluate the independent association of FBG with CVD because of the large sample size, high incidence of both ischemic and hemorrhagic types of stroke, and number of people with FBG levels below the diabetic threshold.
Methods

Study Participants
Study participants were Korean male public servants aged 30 to 64 years, who underwent a health examination between 1986 and 1990 provided by the Korea Medical Insurance Corporation, one of the major institutions of the KNHS at that time. All public servants were invited to a biennial routine health examination provided by KNHS since 1980, and Ϸ95% of them undertook this health examination. Details have been published previously. 20 Women public servants were not included in the present study. The association of diabetes with coronary heart disease shows consistent differences between women and men, with relative and absolute risks being higher in women than in men, including in Asian populations. 21 These consistent differences would necessitate separate analyses for men and women, and the small number of women in our study population did not permit this separate analysis. Among the total of 755 108 men who underwent the examination between 1986 and 1990, 652 901 men (85.5%) were included in the analyses presented here. A total of 102 207 men were excluded from the analyses for the following reasons: change in employment status between health examination and beginning of study, which resulted in the men no longer being on the books of the KNHS; therefore, we were unable to check their vital status and occurrence of outcomes during the follow-up (nϭ80 697); experienced or reported a death (4728) or a history of MI or stroke before or during the baseline assessment (nϭ2479); missing data on FBG (nϭ13 674); or extreme outliers (lower or upper 0.05% of distribution) with respect to FBG levels (nϭ629).
FBG and cholesterol levels after a minimum of 6 hours of fasting and additional risk factors data were obtained from the biennial multiphasic health examination data set, which allowed us to obtain repeat measurements of the main exposure and covariates for most of the participants. To minimize regression dilution bias, we took the average of the repeat measurements (up to 2.6 measurements per participant) of FBG, cholesterol, weight, and BP between 1986 and 1992. For height, the median value between 1986 and 1996 was selected.
Study subjects were divided into 3 glucose groups: normal Ͻ5.6, impaired FBG 5.6 to 6.9, and diabetic range of FBG Ն7.0 mmol/L. To be able to examine in detail the nature of any association (eg, U-shaped, linear) across the FBG distribution, those with impaired fasting glucose (5.6 to 6.9 mmol/L) were further divided into 3 groups (5.6 to 6.0, 6.1 to 6.4, 6.5 to 6.9 mmol/L) reflecting the criteria for metabolic syndrome reported by the National Cholesterol Education Program Adult Treatment Panel III, 22 and those with normal or diabetic range of FBG levels were further divided into 0.5-mmol/L intervals. Thus, in total we had 8 categories of FBG: Ͻ4.6, 4.6 to 5.0, 5.1 to 5.5, 5.6 to 6.0, 6.1 to 6.4, 6.5 to 6.9, 7.0 to 7.4, Ն7.5 mmol/L (Ͻ83, 83 to 91, 92 to 99, 100 to 109, 110 to 116, 117 to 125, 126 to 134, and Ն135 mg/dL).
Body mass index (BMI) was calculated as the weight in kilograms divided by the height in meters squared. Weights and heights were measured in light clothing with the use of standardized stadiometers and scales by registered nursing staff. A single measurement of BP was taken, with a standard mercury or electronic sphygmomanometer, with the man rested and in the seated position. Information on health-related behaviors was obtained from a self-administered questionnaire in 1988 and 1990, and each health habit was classified on the basis of the categorical responses. Smoking habits were classified into 4 groups: never smoker, ex-smoker, smoking 1 to 19 cigarettes per day, and smoking Ն20 cigarettes per day. Our only information on exercise/physical activity was obtained from a single question, which permitted participants to be classified into those who reported engaging in regular exercise or not. The amount of alcohol consumed was calculated from questions that asked about drinking frequency per week and usual amount of drink (including questions about the amount of the most popular Korean liquor, Soju) consumed at each drinking time. The weekly alcohol consumption level was divided into 4 categories: Ͻ30, 30 to 104, 105 to 209, and Ն210 g/wk.
Socioeconomic position was assessed by salary grade and was grouped into 4 categories on the basis of the quartile distribution of salary grade in each age stratum. Area of residence was categorized into 3 groups: capital, large city, and other area.
Follow-Up of Cardiovascular Mortality and Morbidity
All nonfatal and fatal MI and strokes occurring between October 1, 1992, and July 31, 2001, were ascertained through data linkage with death data of the Korea National Statistical Office and with the medical claim data of KNHS. Nonfatal events were defined by the cases who were admitted to the hospital for at least 48 hours to exclude those admissions for investigations to rule out a suspicious cardiovascular diagnosis. Given the easy accessibility to the healthcare system by national health insurance system members and the obligatory death reporting system in Korea, it is likely that the great majority of cases have been identified.
The following codes in the International Statistical Classification of Diseases, 10th Revision were used: MI (I21 to I24), all stroke (I60 to I69), IS (I63, I67.8), and IHS (I61). Subarachnoid hemorrhage was not examined as a separate stroke subtype because of small numbers.
Analytical Methods
Follow-up started in October 1992 and continued, for stroke, until the date of the first admission attributable to stroke or date of death and, for MI, until the date of the first admission attributable to MI or death. If neither the outcome event nor death occurred to a participant until July 31, 2001, he or she was considered to be censored.
Hazard ratios for MI and stroke subtypes by 8 FBG subgroups were estimated by Cox proportional hazards regression analysis after testing the proportionality assumption in 570 453 men who were not missing any covariates, initially in an age-adjusted model and then in a multivariable-adjusted model (conventional cardiovascular risk factors and socioeconomic position adjustments) to examine the association between FBG level and CVD independent of other risk factors. In this analysis, participants who reported a past history of diabetes (before September 30, 1992) were combined with the highest FBG group regardless of their FBG level measured at the health examination.
We examined whether there is a linear trend of increasing CVD risk with increase in FBG level across the nondiabetic normal range (4.6 to 6.9 mmol/L) of FBG. The main analysis of the association between FBG and CVD risk was repeated with the exclusion of all diagnosed diabetics to determine the safe level of FBG in nondiabetic men.
The population proportional attributable risk was estimated as a measure of absolute effect assuming that any association that we identified in our multivariable model between FBG and CVD is causal in this population. The formula used was Population Proportional Attributable RiskϭPrevalence exposure (HRϪ1)/HR, where Prevalence exposure is the prevalence of the exposure (higher FBG level than cutoff), and HR is the hazard ratio from the multivariable model. 23 We evaluated whether the association between glucose and CVD was modified by age and BMI by including interaction terms (FBG groupϫage group and FBG groupϫBMI quartile group) into a multivariable-adjusted Cox proportional hazard model. This study was approved by the institutional review board of Samsung Medical Center (Seoul, Korea). The authors had full access to and take responsibility for the integrity of the data. All authors have read and agree to the manuscript as written. None of authors have any conflict of interest.
Results
During the 8.8 (SD 1.1) years of follow-up of 5 719 488 person-years, totals of 10 954 stroke events (5357 IS, 3090 IHS, and 2507 other types) and 3766 MI events occurred. The mean serum FBG level was 5.1 (SD 1.0) mmol/L, and 4.3% of participants had hyperglycemia compatible with diabetes (FBG Ն7.0 mmol/L) (nϭ14 011; 2.1%) or had diabetes history (nϭ14 440; 2.2%), with an additional 12.9% (nϭ84 042) having a FBG in the impaired fasting glucose range (FBG 5.6 to 6.9 mmol/L). Table 1 shows the different profiles of cardiovascular risk factors and socioeconomic factors according to FBG level at baseline examination. Older age, higher BMI, higher total cholesterol, and higher BP were all associated with higher FBG. Participation in regular exercise seemed to be greater in those with higher FBG. Table 2 shows the association between FBG and stroke subtypes and MI in the 570 453 men with complete data on all covariates. When we undertook age-adjusted analyses in the whole cohort of 652 901 men, the results were essentially the same as those presented in Table 2 . Age-adjusted analysis showed the risks for IS, IHS, and MI increased gradually with increasing FBG level. Additional adjustment for behavioral and socioeconomic covariates (smoking, alcohol, exercise, area of residence, and salary level) did not substantively alter the strength of any of these associations.
With additional adjustment for BP, BMI, and total cholesterol level, however, there was marked attenuation of associations for MI and IHS, and clear increased risk was only seen for those in the category that combined diabetes with a FBG Ն7.5 mmol/L. The hazard ratio (95% CI) of MI for this group compared with the reference group of 4.6 to 5.0 mmol/L in the fully adjusted model was 1.79 (1.59, 2.02), and that for IHS was 1.36 (1.18, 1.58).
When men with previously diagnosed diabetes were excluded from the analysis, no association of FBG with IHS was observed in the fully adjusted model, but the increased risk of MI (that was observed when men with diabetes were included in the highest FBG category) remained for those men in the highest (Ն7.5 mmol/L) FBG category ( Figure) .
The association between FBG and IS was somewhat attenuated with full adjustment for covariates, but even in this model the risk of IS started to increase from the current cutoff FBG level (Ն5.6 mmol/L) of impaired fasting glucose ( Table  2 ). The increase in IS risk from this FBG level was also seen in analyses that excluded men with a previous diagnosis of diabetes (Figure) . When we looked at a spline curve ( Figure  I in the online-only Data Supplement), the FBG level at which the risk for stroke subtypes and MI started increasing did not differ substantively from that in the Figure. A trend test in men with normal FBG levels below diabetic threshold but not extremely low (FBS 4.6 to 6.9 mmol/L) showed that there was a positive linear trend between FBG level and the risk of IS, but no such trend was observed for IHS and MI (probability values shown in Table 2 ).
When we compared our models in which we tested a linear association of FBG with each outcome to one in which a curvilinear association was assumed (glucose was entered into the model as an exponential function), the curvilinear associations did not show any better fit of the model than the linear associations.
The population attributable risks of diabetes using the current FBG level of Ն7.0 mmol/L for all stroke, IS, and MI were 5.6%, 9.5%, and 4.8%, respectively. Lowering the threshold to levels associated with increased hazard ratios for these diseases increased these population attributable risks only modestly (Ն6.1 mmol/L: 6.4%, 10.5%, and 5.4%; Ն5.6 mmol/L: 7.1%, 12.1%, and 5.7%, for all stroke, IS, and MI, respectively).
Tables I and II in the online-only Data Supplement show the associations of FBG with cardiovascular outcomes stratified by BMI and age quartiles, respectively. There was some evidence that the effect of FBG on IS differed by BMI level and age, with stronger association in those with lower BMI levels and in those aged Ն40 years. The association of FBG with MI tended to be stronger in those who were older at baseline.
Discussion
In this large cohort study of Korean men, we have shown that the association between FBG level and CVD differed according to specific disease categories. Once other CVD risk factors were taken into account, there was a linear association between FBG level Ͼ5.6 mmol/L and IS, but for IHS and MI, only those in the very highest category of FBG or those with existing diabetes were at increased risk. The level of FBG at which relative risk of IS started to increase was lower than the current cutoff level used to diagnose diabetes.
The findings of different associations between glycemia and different stroke subtypes in our study suggest that evaluation of the risk of hyperglycemia associated with the stroke without any consideration of stroke subtypes may mask the size of risk associated with IS somewhat. Given the wide variation in the stroke subtype incidence between populations, 17,18 the different associations of FBG across major CVD subtypes need to be considered, together with the population prevalence of each subtype, to set the level of FBG at which CVD hazard starts to increase in a population.
We hypothesized that IHS may have a different association with hyperglycemia from IS, as has been found with other common risk factors such as cholesterol, obesity, and smok-ing. 24 -27 Previous studies have either not contributed detailed data on stroke subtypes when studying the effect of diabetes 16, 28, 29 and prediabetes 5, 30 or have shown either a decrease 15 or an increase 17 in risk of IHS in diabetic subjects, warranting further clarification of the association between hyperglycemia and IHS. Previous studies have been limited by the small number of IHS events 3, 29 or because a retrospective study design was employed. 15 Even findings from major prospective cohort studies have had limited statistical power: the Framingham Study, with only 18 IHS events, reported a positive association, whereas the Honolulu Heart Study, with 112 IHS events, showed no association, but both studies had produced estimates with wide CIs that actually appear to be statistically consistent with each other. 17 With larger numbers of IHS cases, wider glycemic variation, and available information about other cardiovascular risk factors, we believe that our study may provide better insight into the association between FBG and IHS. In our study, a positive association was observed with IHS when BP, cholesterol, and BMI were not adjusted, but it was markedly attenuated in fully adjusted analysis. Our examination of this association in those with no prior diagnosis of diabetes suggests that diagnosed diabetes is associated with increased risk of IHS, but beyond this group, FBG is not a major independent risk factor for IHS.
Our hypothesis that the association of FBG with IHS might differ from that with IS and MI was in part based on results 31 Interestingly, in this study we found that the associations with FBG were stronger for IS than for MI, and indeed the association with MI was more similar to that for IHS. Studies in which the magnitude of the association of FBG with IS have been compared with that with coronary heart disease in Western populations have found somewhat stronger associations with coronary heart disease (opposite to our findings). 12, 14 These studies, on the whole, have used a higher referent FBG level (Ͻ7.8 mmol/L) than we used (4.6 to 5.1 mmol/L), which may have resulted in underestimation of the strength of association between FBG and IS by including those with FBG associated with increased risk into the referent group. Differences between the studied populations, in the distribution of major CVDs, and in defining IS might also contribute to differences between studies. For example, all strokes make up a larger contribution to total CVD mortality in populations from East Asia than they do in Western populations, and IHS is more common in East Asian populations. Given that hyperglycemia is a well-established risk factor for microvascular complications and that IS may be due to either small-artery disease leading to lacunar infarct, which is increased in diabetic patients, 32, 33 or largeartery disease, it seems plausible that hyperglycemic subjects would be more strongly associated with IS than with MI (a large-artery [macrovascular] condition). Thus, glycemia might be a risk factor that exhibits important etiologic differences between IS and MI if one has a sufficiently large study to determine these differences. In our study, the level of FBG at which relative risk of IS started to increase was lower than the current cutoff for diabetes, and the graded association between FBG and IS suggests that further lowering of FBG might be of value in protecting against IS in nondiabetics. Although some caution is required in assuming that our associations are causal, the population attributable risk fraction in this population suggests that an additional 2.6% of Korean men would be correctly identified as at risk of IS if the cutoff for defining FBG risk level were reduced to 5.6 mmol/L.
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Although our study is one of the largest to date to be able to examine in detail the relationship of FBG across its distribution with CVD subtypes, there are some limitations. We could not differentiate those who were being treated for diabetes because of a lack of relevant data. Consequently, we classified those who reported a diagnosis of diabetes into the highest category of FBG, which would avoid possible FBG classification errors. Furthermore, our findings were not altered substantively when we repeated analyses with those who had a diagnosis of diabetes removed. Within-person FBG variation is a potential source of measurement error in this and other studies that have examined this association. Previous studies have either ignored this possibility or have obtained repeated measures of FBG in a small subsample and used this to correct for possible regression dilution bias. However, we averaged values over several screening visits, which will mitigate against this source of variation. Because we evaluated only the FBG/CVD association, our study is not informative about the association between CVD and postprandial glucose or casual random glucose. We could not fully adjust for other potentially important confounders such as physical activity, central obesity, triglycerides, high-density lipoprotein cholesterol, BP control, adherence to preventive recommendations, or the use of antiplatelet drugs, lipid-lowering agents, or other medications because of the lack of detailed information, which might have resulted in residual confounding.
Because we ascertained the occurrence of outcome events from medical claims data and death report data, there may be some inaccuracy, particularly by stroke subtype. However, previous studies evaluating the accuracy of medical claim data in a sample of hospital-admitted Korean public servants reported the accuracy of diagnosis (percentage of cases who meet review criteria of stroke or MI diagnoses among those who were identified to have these diseases from the medical claim data of KNHS) of IS, IHS, and MI as 83.4%, 85.7%, and 85.6%, respectively, and we believe that these levels of accuracy are acceptable in large epidemiological studies. It is likely that the small error rates in diagnosis will not differ across the exposure (FBG) levels of main interests in this study. 34, 35 There were small amounts of missing data on some covariates. When the missing data of each covariate were added up in the multivariable-adjusted models, 13% of the study samples were not included. However, the similarity between the results of an age-adjusted model using the whole cohort and the multiple covariate-adjusted models suggests that the changes in the effect estimates on adjustment were not caused by excluding participants with missing data. Finally, our study is of men only, and we cannot assume that our findings are generalizable to women.
In conclusion, the association with high FBG differed between IS, IHS, and MI in this middle-aged Korean male population. Hyperglycemia increases the risk for IS independently of other cardiovascular risk factors. The linear increase of IS at FBG levels below the current criteria for diabetes suggests that these criteria may need to be revised.
CLINICAL PERSPECTIVE
In a very large cohort study of 652 901 Korean men aged 30 to 64 years, we examined the association of fasting blood glucose (FBG) with future risk of myocardial infarction (MI), ischemic stroke (IS), and intracerebral hemorrhagic stroke (IHS). Over the follow-up period of 8.8 years, 10 954 stroke (5357 IS, 3090 IHS, and 2507 other types) and 3766 MI events occurred. In age-adjusted analyses, there was evidence of linear associations between FBG and MI, IS, and IHS. However, with additional adjustment for socioeconomic position, lifestyle behaviors (smoking, alcohol, and exercise), and other cardiovascular disease risk factors, the associations with MI and IHS were markedly attenuated, with increased risk only at the highest FBG levels (Ն7.5 mmol/L). With full adjustment, the linear association with IS persisted; a linear increase in the risk of IS was observed from FBG levels of 5.6 mmol/L. This is the largest study to date to examine associations with stroke subtypes as well as MI. Our results suggest that for East Asian men, the threshold currently used for defining impaired fasting glucose may need to be revised downward when FBG is used to predict future IS, but current thresholds would appropriately identify those at increased risk of MI or IHS.
